Objectives: Higher resource utilization in the management of pediatric patients with undifferentiated vomiting and/or diarrhea does not correlate consistently with improved outcomes or quality of care. Performance feedback has been shown to change physician practice behavior and may be a mechanism to minimize practice variation. We aimed to evaluate the effects of e-mail-only, provider-level performance feedback on the ordering and admission practice variation of pediatric emergency physicians for patients presenting with undifferentiated vomiting and/or diarrhea.
U ndifferentiated vomiting and/or diarrhea eventually diagnosed as acute gastroenteritis (AGE) are common complaints accounting for 1.5 million outpatient visits and over 200,000 hospitalizations per year 1 in the United States; in the pediatric emergency department (ED), AGE is one of the most common reasons for visits and hospitalizations. [2] [3] [4] [5] [6] Despite the publication of several guidelines to promote evidence-based management of children with AGE, 1, 7, 8 physician-level (type of training and geographic location) 9, 10 and institution-level factors (pediatric vs. general ED and children's vs. community hospital) 11, 12 have been described as significantly contributing to practice variation.
Importance
Important physician-level barriers to effective implementation of evidence-based guidelines include parental preferences 13 and risk aversion, 14 particularly since patients present with a complaint of undifferentiated vomiting and/or diarrhea, as opposed to a confirmed diagnosis of AGE. However, higher resource utilization has not been shown to correlate with improved outcomes or quality of care. 15 A recent meta-analysis identified that audit and feedback can lead to improvement in physician performance and changes in practice behavior. [16] [17] [18] 
Goals of This Investigation
We aimed to evaluate the effects of provider-level performance feedback provided via e-mail on the ordering and admission practice variation of pediatric emergency physicians for patients presenting with undifferentiated vomiting and/or diarrhea.
METHODS

Study Design and Setting
We performed our study at the Division of Pediatric Emergency Medicine at the Children's Hospital of Pittsburgh and included 19 board-certified, pediatric emergency medicine (PEM) physicians; two eligible physicians were excluded because they did not work in all areas of the ED. Fiscal year (FY) 2010 was used as the preintervention period; we queried the electronic health record with assistance from and supervision by the Children's Hospital of Pittsburgh Clinical Data Warehouse. We identified all patients with vomiting and/or diarrhea using the following reason for visit (chief complaint) in our electronic ED tracking system (FirstNet): vomiting, diarrhea, and/or gastroenteritis. The projects was approved as quality improvement by the institutional review board and informed consent was not required.
Outcomes
We created four categories for ordering practices: no orders, laboratory orders, pharmacy orders, and radiology orders. We included the following orders for laboratory: basic metabolic panel, liver function panel, complete blood count, lipase level, amylase level, ova and parasite examination, rotavirus antigen detection, stool culture, urinalysis, and urine culture. The pharmacy category consisted of standard intravenous fluids orders only; we excluded antinausea and antipyretic medications because these medications can be ordered and administered via nurse-initiated order pathways at our institution and inclusion of these data may not accurately reflect individual physicians' practice. We included the following studies for radiology orders: abdominal radiographs, chest radiographs, abdominal computed tomography, abdominal ultrasound, and upper gastrointestinal fluoroscopy. For each physician, we calculated the proportion of patients readmitted within 48 hours; the proportion of patients admitted on the index visit; proportion of patients in each Emergency Severity Index (ESI) score category; and proportion with no orders, laboratory orders, pharmacy orders, or radiology orders.
Intervention
We presented our division with data from the preintervention period showing management practices related to patients with undifferentiated vomiting and/ or diarrhea during a regularly scheduled faculty retreat. Based on these data, members of the division requested recurring reports for the purpose of performance improvement. During the intervention period (FY 2011), we sent quarterly reports via e-mail to each PEM physician. So that the individual physician could compare his or her performance to that of his or her peers, the individual physician's data were highlighted in red if it fell within the lowest quartile among all physicians and highlighted in blue data if it fell within the highest quartile. Data representing the most extreme values (highest or lowest) for all physicians were circled in red. Physicians were deidentified and assigned a randomly generated number in this document; each individual physician received a code for his or her report in a separate document (Figure 1 ). Physician feedback via e-mail was discontinued at the end of the intervention period. The same data were collected for the postintervention period (FY 2012) to determine if any change observed during the intervention period was sustained. While several continuous process improvements were ongoing throughout our hospital system, no specific interventions, incentives, or other major systematic changes targeting AGE-related practices or individual PEM physicians were in place during the overall study period.
Analysis
Using IBM SPSS Statistics for Windows 22.0 (IBM Corp.), we analyzed our data with univariate ANOVA to compare proportion means between the preintervention, intervention, and postintervention periods for the following variables: admission, no orders, laboratory orders, pharmacy orders, and radiology orders. When Levene's test of equality of error variances significance level was >0.05, post hoc analysis was conducted using Tukey's HSD (honest significant difference) test. If Levene's test significance level was <0.05, Dunnett's test was used for post hoc analysis. We rank ordered physicians according to their ordering and admitting practices. We performed Spearman correlation to determine the relationship between physicians' ordering and admitting practices in the preintervention period. We performed the nonparametric Kruskal-Wallis test to compare the proportion distributions of ESI. We used a two-sided significance level of 0.05 to define statistical significance. Using Microsoft Excel 2010 (Microsoft Corp.), we generated a radar plot. Standard quality improvement analysis with run charts was not performed because appropriate targets/goals of resource utilization for undifferentiated vomiting and diarrhea are not known. We hypothesized that feedback would decrease variation in care and physicians with high resource utilization would regress to the mean. This study received a University of Pittsburgh Institutional Review Board waiver. Figure 2 ). Figure 3 shows that there was no statistically significant difference in mean proportion of physicians who placed no orders, placed radiology orders, or placed pharmacy orders during preintervention, intervention, and postintervention periods (p = 0.58, p = 0.19, and p = 0.75, respectively). There was a statistically significant difference between the preintervention and postintervention periods in physicians' placement of laboratory orders (47% vs. 36%, p < 0.05; Figure 3) ; however, there was no difference between the preintervention and intervention periods (p = 0.07) or between the intervention and postintervention periods (p = 0.83). Figure 4 shows ordering practices over time by individual physicians. We analyzed our preintervention data for correlations that might reveal specific practice patterns; for example, do physicians that admit more patients also order more tests? We found that there was a correlation between overall admission (for all patients seen by an individual patient) and AGE-related admissions; also there was a correlation between admissions (whether overall or specifically for AGE) and laboratory, pharmacy, and radiology orders for AGE-related complaints (Table 2 ). Figure 5 demonstrates that physicians who ranked high in one category (e.g., laboratory orders) of resource utilization tended to rank highly in other categories (e.g., overall admissions, AGE-related admissions), demonstrating a pattern of consistent high-resource versus low-resource use across all domains for individual physicians. 
RESULTS
Our
DISCUSSION
We aimed to investigate if provider-level performance feedback provided via e-mail would affect the ordering practice variation of PEM physicians for patients presenting with undifferentiated vomiting and/or diarrhea. Our study contributes to the existing literature in two important ways: 1) we focused on physicians' practices for patient with undifferentiated vomiting and/or diarrhea and 2) our performance feedback was provided via e-mail only, a method that would be less resource-intensive and more replicable for other institutions. Analyzing resource use by presenting complaint is more realistic than analyzing resource use by final diagnosis-a common mistake in many "resource utilization" studies; for example, ultrasound is "unnecessary" in a patient with gastroenteritis, whereas it is appropriate in a patient who presents with vomiting and in whom both gastroenteritis and intussusception may be suspected. This study was motivated by our physicians' request for performance feedback for their individual performance after being presented with our division's practice variation in the management of this patient population (the 2010 preintervention data). Thus, we were optimistic that simply sharing data in quarterly reports, with typically "competitive" physicians, would allow individual physicians to "self-identify" as outliers and modify behavior; specifically, we posited that no physician wants to be the physician that orders the most tests and admits the most patients. Nonetheless, our results demonstrate no significant changes in practice variation with respect to the proportion of patients admitted or in the placement of radiology or pharmacy orders. There was a statistically significant decrease in proportion of laboratory orders between the preintervention and postintervention periods. We found similar practice variation among individual physicians in our division (in proportion of admissions and orders placed) for management of the undifferentiated patient to that reported in the literature for diagnosis-based studies including AGErelated diagnoses and other common pediatric illnesses (typically two-to threefold differences). [19] [20] [21] Practice variation has been linked to increased, and possibly inappropriate, resource utilization and prolonged length of stay with no significant improvement in important outcomes, such as admissions and return visits. [22] [23] [24] Perlstein et al. 23 implemented an evidencebased clinical practice guideline for AGE and reported a 33% decrease in yearly admissions. Browne et al. 25 had similar results when they instituted a gastroenteritis clinical pathway and reported no adverse events in those children who had a revisit. While these studies reported significant changes in important outcomes, the intervention required significant mobilization of resources which may not be available or feasible for all institutions. Our intervention was motivated by our physicians and only required the abstraction and dissemination of data already available. Our intervention was similar to that used by Forrest et al. 26 in their study assessing the effects of performance feedback on adherence to otitis media guidelines. The investigators, however, provided performance feedback on a monthly basis and the overall intervention also included computerized clinical decision support, although combining the two was not found to be better. Recently, Jain et al. 21 reported the use of "balanced scorecards" to provide feedback to pediatric emergency physicians on their practice in regard to four common ED conditions: fever, respiratory illnesses (asthma and bronchiolitis), mild head injury, and AGE-like illnesses. In contrast to our study, members of the ED leadership met regularly and one on one with physicians to review the scorecards. Despite these efforts, the authors found only small and inconsistent changes in resource utilization, making it difficult to determine the utility of the performance feedback provided.
LIMITATIONS
Certain limitations of our study deserve discussion. At our institution, attending physicians often work in tandem with fellows and advanced practice providers (APPs) and ordering and admission practice variation at times may have been reflective of our fellows' or APPs management decisions; also, our institution is a training site for several residency programs and ordering and admission practice variation must be considered in light of residents' variable influence on Each line represents the rate of orders for individual physicians. The two-to threefold variation between low and high utilization for laboratory, pharmacy, and radiology orders does not change appreciably over time.
ACADEMIC EMERGENCY MEDICINE • August 2017, Vol. 24, No. 8 • www.aemj.org decision making. Additionally, care is often transitioned from one physician to another during a patient's course in the ED; so, resource utilization attributed to the physician of record may actually have reflected the practices of another. While our physicians' request for performance feedback was the impetus for this study, we had no method to ensure that physicians read the quarterly e-mails or carefully analyzed the information provided to them. It must also be acknowledged that while a physician was given information about her own performance and how it compared to her colleagues, concrete goals for "appropriate" levels of resource utilization were not (and may not) be available for patients with undifferentiated vomiting and/or vomiting; thus, we did not utilize "run charts" and goals. Because of the relatively large number of possible laboratory and radiology orders, the results were collapsed into binary "any ordered" or "none ordered"; thus, ordering practices for individual tests was not assessed. Finally, quality improvement often requires multiple interventions with continued, active involvement of all stakeholders and it is possible that our email feedback intervention would be successful with a more comprehensive quality improvement initiative. As eloquently stated by Dr. Gawande "[we] always hope for the easy fix . . . but few things in life Figure 5 . Radar plot. Each of the 17 spokes on the chart represents an individual physician. Each concentric circle from innermost to outermost represents a rank from 1 to 17 for the categories shown in the legend. Lower ranks represent less resource utilization and higher ranks represent more resource utilization. For example, physician 15 ranked 17th in admission rate for all patients as well as patients with AGErelated complaints, 16th for laboratory orders, 15th for radiology orders, and 14th for pharmacy orders. The skewed, nonconcentric shape of the graph demonstrates that physicians with lower resource utilization tend to have lower resource utilization in all categories and physicians with higher resource utilization tend to have higher resource utilization in all categories.
work this way . . . success requires making a hundred small steps go right." 27 
CONCLUSION
We aimed to evaluate the effects of provider-level performance feedback provided via e-mail on the ordering and admission practice variation of pediatric emergency medicine physicians for patients presenting with undifferentiated vomiting and/or diarrhea. We found that there was wide variation with respect to admissions and laboratory, pharmacy, and radiology ordering practices. There was no statistically significant difference in the proportion of patients admitted or with radiology or pharmacy orders placed between preintervention, intervention, or postintervention periods. There was a significant but very small decrease in laboratory orders between the preintervention and postintervention periods. Thus, it appears that performance feedback provided via e-mail to pediatric emergency medicine physicians on a quarterly basis seems insufficient to significantly impact management practice variation for patients with undifferentiated vomiting and/or diarrhea.
